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(57) Abstract: 

PROBLEM TO BE SOLVED: To estimate internal EGR 
amount with high accuracy. 

SOLUTION: A basic value of internal EGR amount 
without overlapping is calculated (S2), and when 
overlapping, increasing correction amounts (S5, S6, S7) 
due to overlapping calculated by considering overlap 
time, a center crank position thereof, and intake air 
pressure are added to calculate internal EGR amount 

(58) . A target closing timing of an intake air valve is 
calculated to a target air amount correcting valve 
obtained by adding the internal EGR amount to a 
calculated target air amount (S1). 
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^XfttiuZtifcw 7r-7;^^Lt, filSEGR 
f^i$ffiEVEGR0^, StElffi^iFQHOE 
M(:*ft4EGR$tLtSam o SIMEVEG 
R 0 li. iR • »H#W-;<-7 7 "/^iv^Stv 'J 

fflE VCUfctt^e* h >fiit^i^y'; 
/J> £ v*te t*ptt < & 0 . El 7 J: -9 *c«MUiJE &X 
ft*k4** f , H— fcf* h >f£B-C4>E VC^»S±E 
WTaiBTDCkv^) l±, j*ar* 
**^JE*6 £ KfcttJK i: * o t:^ U EV 

C* f W*±?E*«|C*^ t ^ .(JftTaBtATDCfcv* 

£ mtvtmxtiffi.fr 6 tioT, fl^<7)M >) ks*l 

*<fc£*fl\ »*T^ao*»)rt8PEGR*ti*^i-*o 



(7) ^2 0 0 1 -2 2 1 1 0 5 

72 

»ji#oaw«Evc 

t5 ? A T D C IZ Z> h t t \*m%<Offi.iXtf$m-t Z> tz *>W£ 
(Kfmtf-kh^^X^ x>v r >@SKiajSN e^iS^tc J: 
«rt»EGRtOW*i<44, »K*Jb*E 

T'-x > v > U^jSKN e ORffcH J: £ rt« EG RfiOgE 
ft********* 
/0 [0 0 5 0] [23 KJKoT. ^7 7 7*3^, Sf^6 
OBfliPB^DJE VCfc«jR#5 0B«M^JH I VOt# 

T^^aUz-C*-/*-? ^(ZJi^rtSBE G RiOMiE 
iOLEGRltO{:-t7hn o ltit:j: i) , |*jffl$E 
G Rfili. HlrfS^*fiE V E G R 0 IZ&fc 2ti2> 0 

[0051] ttz. xf7y3t«-ia#w-/^ 

"C, i^- - M- 7 7 7^Ol«Itt0 L E G R 0 

tL^> 0 ip-^, ll5C0X-r 7^3 1, 3 2, 3 3t*x>v 
>@e3SNe, i«#6(7)|fraEVC, 

7-/f 7>?mmm) i:t-/<-777 p ^moLT 
iME^#-r^o 

[0052] O L T I ME = (EVC-IVO) /N e 

LTIMECloVt, fftt-/<-77^0LT 
JO I M E jktJfe LTISIth SJitHOLEGC0*7-; 

-y^^e>^-r*o - ^-A-7 7 7*B|ffiOL 

T I MEO^Ci'oTrtJtE GRf^t^Or, 
H^fSffiOLEGC 0i±. t~A^777^lOLTIM 
EO**JCJ6UTJf*L-rW***LTv^*. 

[0 0 5 3] ^77*3 jj^60SiHiB$i 
E V C**B T D C T D C flMt 

&o ^f7 7*3 6r\ E VC^BTDCU*^h*IJS^ 
tL^h^(±. y 7^MA,X^ mZXTv73 5 
-CtttStlfcttOLEGCO*, -fC0ii^-/^^>y 
40 -7 # B#ct)S*MjEMO LEGROi: LT!25e1-& 0 

[0 0 5 4] X777 , 3 6T'EVCt!i j ATDC(; 

WHKIOL EG C OS: gMffiEVC 
OLEGR0 t LtK^t^o OLEGR0=OLEG 

co-evc (±K*te<omfiM) x^mn^, W»E 

GR*<0»*tt(-*ti-4« - K#^i-/^7 7 7^ 
£&lt«Kft> (lift) *-/<-?7-/t (^fPhI) 

50 ^iSW^ck^^aotr^o H8li. 



13 

-7.7^1 (&*»]) UOV>T, E V C U J; £ l*j3fT> EGR 
9 y v"(CJ:^|*igr>E G RScoifl:(i:E VCU <t «b-TB&— 

^^f*<7)^^f mx-Wm^& * *t£ fc*b E G Rm t 

V3 70J:9U. EVC (±?E£jtlJ<OiiA;I:) lU^fl 

[0 0 5 5] EVC^ATDCC^^tfim^n 

fc** hm^<Dfc£&LMi±M'J?L. ^o. E 

V C **±?E£> 15 f*> i ; > ^ A£JO*SI 

■e, ?fc*igLS*uc< <4£ Q it. ^-A'-7 7ys 

b v 'J > r^nmwm «9 ***** L (»S«»***ft 
Ti-A) . *0#rt»EGR***if *+***, CfiOtifi 
5H* . W **Jt?E jflcftifi K * * t £ t± * 

^ #v>**. y ^mffltf±W>*frbt&tiZ>lz'v£-o 

* f ±.JE*Uifiv*t Sua, ft«#* f BB*^&^*-/* 
-^y/RftJt«LT. "/'J >^**^J|JE£§:it£ 
»•***:* v*«rrc. «I^OK^UJ:«l*3ffiEGRS«>ig 

- h frb v V > V Kf5 fc> * iR^Uffi t <om*'b £ < & & 
fzft, ffi&om 

7 7 7^t"C, g* ? /h£<4£ 0 ^i^-A'-7-yy 
t-J:&8Wl<0jg*) Ci&i^EGRfiOlffi^ti. 
^-7 7 7lB (XttEVC) i>*±tt&frbmixZ>\zQt 

[0 0 5 6] tt±oj:^aftT? % SI8i:StJ:^:, 
EVC^ATDCi:*^ fc *— y 

rtST>EGR4(0ita:(i, E VC#±9Ejft*^«*t*ua 

fc, EVC (±^i(7)Iftf) Ktt«-T4**1tjE4: 
1t&7o 

[0 0 5 7] i3l:Iot, 7 7'6Tli, TftfBOi: 
EGR0£q&^JE (7'-XhE) *a£U"CJtiE1-*fc* 

<^>i«iE«ftoLEGCB*»tti"*o eb*>> mm^ffi 

IE110 LEGROlix l&jiUE— 5e (-50mmHg) <D&ftX 



A 
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h*:* ? . t-/<-9yyt mm) . EVC**fe]— C*> 

^EE* ? H&7^0E-- 5£-e«l» 2 tiaw-fri*. flHEo-JMS 
(J, »E^ny b;u#l OoraKSrjSft^^oTSf^O 

[0 0 5 8] »?K«EH(&Cfc1ijE«ftOLEGCB<0 
xt 7 7^4 ir-(iStEXD7 h^#PBJti»t:J:4 

20 ^fLt, K^ECfi:. t^«]Ef ftO L E G C B ^ft 
mirZ> 0 EI9(±, JR^JE (ftEE) =-50mmHgB#T*Oftffi 
EGRiOiafi^^iti-^%^E==-100mraHg> -300mm 
Hg«p"C^I*I«E G RSOiig^OiSr^S:^ Ltz t Ot* 
4 9 v *7'g[i^ >^^]^20° . 40° tLtz 

4il»9 co-r-^) o H/^J:^:, ®£[JE = -100mmHg 

<7>h^li, EVC (t-A-7 7 7lWO^) <7)^t 

OmmHgOt^ii, EVC^BTDCi:*-6 t il±,' 3- 

^ (-50mmHg) 0*#t?EVCi ? ATDCi:* 

-7 7yot»:i:^v , J >^Ott7tl<7)M^J^ < 4 

K^*S* f -300mmHgg«i-Cli^-r*fc> ^(if}*- 
A-77^»;i:^y»j >^*I*IOBE^OM^§ < 
&4ft**f^ ! *S<j|»Sh40'e, -SOmmHg^H 

[0 0 5 9] B3Ug5oT. Xf7y7m Xf7 7' 
40 5 -C^lUl L/:S*iEt0L EGR0C, X 7 77'6f 
L*r«*lflEUie DfcMiE#»0 LEGCBt*i: 
T. *y *7*^<DI*IgBEGRsOMIES 

OLEGRl^iajnc ^LT, 7777-8^ X 
r- y y 2 T^ai S tLfc^SE E G Rt<0SWtE V E G R 
OC, ±SeoJ:9^UTffUiSn7t*-^<-v y7*B#<7) 
llfOLEGR 1 ZtmirXigMimiEi-Z Z\tlz£ 
*)s «»W&rt»EGRftEGRREM*Jll5fei»*i' « 

[0060] EGRREM=E VEGR 0+OLEGR 
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(9) 

15 

v > X- X -f y -f 9 T»i , X ■t" y 7* 1 X'%\& L rt: S ^M%M. 
FQHOEM*. ^lertffiEGRSt-S^v^TffiiE'r^ 

V-kimm o -<Ot§IE<i, §«^*ift£2c 

H-f 4*>ltT-lifc |*)ST>EGRfl:ii J: otBI^f 

LT#iii L^t<7)-C**o w 
[0 0 6 1 ] 

HQHOFM=FQH 0 EMX (1+EGRREM) 
^r^lOfli, mie§«£^fttiIE1lHQH0FM 

v c r-mx-rz a o izi&m ? 

[0062] ;<5J:-j Ut*itf, > V>iSffiViBizR 
7't<7>^t^{r i < ^t-r^rtSCE GRi^M 20 

& YfrtUmZfix-Zo friz, ±.%t<DX *j iz LT, iJgB 
ioT^ai^tt/cI^aSEGRfiH^o'v^T, ->';>r® 

w-r&<, •>^fAMi:-5K.tii > m nc^Lfc cot 

[0 0 6 3] KIT, ±fB£&iMtraOM1l|O£&<0* 

2 (D&tmmzmz -> «j > mA^fi (->■;> ^sp^ 

^KS) C c <7>MtiUz-o^x < Hi 0<7>^:#7*n y ^ 
H, HI 5(7i&>U — f >^)7n-f t- h^H 

iT^o-^-^ i 4KH 0tHBS*t-5»Aaft* (R 
ftcSa) £Qa (kg/h) 1/3 6 0 0?; 40 

(g/msec)tLti9 t 
[0 0 6 4] K^-r-*-^ K6P«0ffi7j4:Pm 

(Pa) , IfijVra (m 3 ; -£) , ^SliCm 
(g) , SSfcTm (K) t-fh a itz. i") 
EE*£Pc (Pa) , #»£Vc (m 3 ) , 

cc (g) , ias«:Tc (k) tn„ 5C, ->'J>^ 

P-l3ff§liiJ£-£ 7 (%) t-fZ. 
[0 0 6 5] itz. v'J >fr$it 

T, Pm=P c, Tm = Tc (JEflZWiSSli^ftL^ 

<^) tmfe-f & 0 hi 1 ksp^a^^, 50 



#BJ!2 001-221105 
/<S 

(Milflmsec) &\Z%ftZi\Z, 0 X-f 7 7*5 17? 

(Sfiefcs ; g/m sec) itf-AW"*. 

[0 0 6 6] ■;7-5 2T'li > flaA$SfQa<0«^ 

££&fiC a (^Hfi: ; g) =Qa -At ^^ffii- 
HI 2<±->'j ^rSP^^mi^m^-f-vco^a 
bX'$>*). ^f^B#F<f]A t^tC^frStt&o 7r 
•7 7'6 1-C-(i, ^#5coK^IVC, 1S^5C0^ 

b#mivo. #^#6toM^«8E vc£tfcai-*-* 0 
"tTiiflgiftujftW LT i » 1 <n$kffiJ&mii m 

"3> h 1 2 T'CO$lJffll±<0jg^-|t (g 

[0 0 6 7] Xx-y-7-6 2fli, 5 C0fflB#W I V 

Cri»c>, -fcOBf<7)->>; >?-§WS:»{ilL. liVc (m 
») tt*. X-r y 7'6 3-Cli, «R^#5tOSB#^ I V 
O. #^6C0pigNFfiSE VC. x>-v/yi(6j|SNei: 

26o'w»r. ssi nmmmm-ctSLWvtz^mzx^x, & 

gPEGRtXM (#T^rtST>E GRIEG RREMi- 

[0 0 6 8] y ?6 4T-IJ, ffJffiSSIV c (>'J> 
^#») WlKF*Iffl'»EGRax(v)-e*45*7yxSt 
(c*o*^r, J; ») -> «; > ^MMi^ v (%) ^ 

7 = ( -> 'J > ^-$« v c v 

c 

®^#5<0gSNF«I VOt^ft#6coK^MS 

7 7 7'l^<44g, nt'XM (F*1S5EGR4) tfjz 
t&2><7>X^ y yHzm-^ < ±^i.z X 1^ -> 

T-li. *-/<-9y7**OWWUJ: Ol^SPEGR^fl^ 
KMip-Pi«0-p, -)IS:UJ±EGRilS WSPEGR) 

iai*lS6E G RatC^ffl-E G RS€r*D» L/tfi|*rfflv>-C, 

[0 0 6 9] ^fv7-6 5m BnVc «ASH) 

rrtfr^Cffl-g-, **ct Bm^mm^<om 

Vc (m 3 ) = Vc • 7 £»m-t4 0 Cco^Vc (m 3 ) 

(i, -> > yqRA^S (#»*) t-ffi^^-4 0 *±3, 

nST>EGRS=0C*)t fASfV c^«bF«3S|5EG 
Rfi^iPfi^LT^, HVcifftSCtt-PlS, 
7 7"6 6-Cli, -X^cort<, ^Vc (m 3 ) i:x>y 
>SIteiiSNe (rpm) tftT, V c ^biSlg (#: 
ftSEi ; m 3 /m sec) $rStaii"4 0 
[0 0 7 0] V cgfl:&jg=3|V c • Ne • K 
-iT, KliW4*l«9x.4/i*c03c»;T% K= (1/3 
0) X (1/1000) T**„ 1/3 0 (i, Ne ( r' 
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▲ 



(10) 



17 



#§32 0 0 1 -2 2 1 1 0 5 
18 



pm) £Ne (1 8 0 d e g/s e c) 
OfcOT-ifc *K l/1 0 0 0li, Vc (m 3 /sec) 
£Vc <m 3 /msec) U^MI)/:*!)<7)i<7)r^ 

[0071] ttz. -&is.m<7)%sLmzw±$*tz>®m% 

V c ^ftitiK = *V c - N e • K ■ n/N 

n / N l± -SP^« <r ih $ * « «#OfK«^ T* * 

*TV>4»*tt, n/N=3/4ti^,, ft, #S£^« 

[0 0 7 2] Xf^6 7-CJi, VcjEft«* (fMftft 
S ; m'/m sec) Oft3-tf-ft<= «fc ij , J|L&ttlR| ( 1 
msec) *fc>) l:v'J >mKAStL«SHKft-r^« 

-> > ^TBSSMfraMtv c (m 3 ) = v c gzitmm • a 

C c = V c - Cm/Vm 
•ico (1) 5£t±, ^i?!:**?)^., SCteoifcSS*- 

g5SP • V = C ■ R • Ti D, C = P • V/ (R • T) 
Cc=P c • Vc/ (R • Tc) 

[0 0 7 6] ZC-C, Pc=Pm, Tc=TmtKtt* 
C c =Pm • V c/ (R • Tm) 
!R#«5ttl!l^raSCP • V = C • R • T l 
9, P/ (R • T) '=C/VP<fe40T, K^r 
Pm/ (R • Tm) = Cm/Vm 

[0 0 7 7] £<0 (4) 5t£ (3) 5$XftA-f*Uf, 
Cc=Vc • [Pm/ (R • Tm) ) =Vc • [Cm/ 
Vm] 

±|5 (1) *t*WC,*i& 0 JJLjKOi^U, Xf 
•y/7 1, 7 2 Sr«k0iiL*ffi--5.wi:UJ: 1"fc*> 
0U^i-J:-5lii®SEtt»-r^itU<t t), ->'j> 
^KA^iT-*|, ■>') vyBSSJCKic c (g) 
*>T, ffiStilt*^^, il, Xf?y7 1, 7 2 

[0 0 7 8] il 4 11, iM^-fX^vn-ft- 

SBS^SSC c (g) 4i0tf%lLT, Cck 
(e) ^tfiUi-^o 

Cck=CckX (1-M) +CcXM 
M(±*DS¥*55E^T-ab •) , 0<M< 1 T-ab-5>o 
[0 0 7 9] Xf^8 2m tmW-XjfaWkW •> ') 

> r®.3t%n&c c k ( g ) ^f^jiNBi-ttts^-ti- 

^>/-*i), -^V v>[IDiE5&N e (rpm) £ffli/>T, 

Cck (g/cycle) =Cck/ (12 0/Ne) 50 



[0 0 7 3] 7.7- ~s 7*7 1 T-ti, t^.^-jp KSBflRSUR 
3tltH (-7-*-^Kffl5^K*Cm<7)J|X3tff-») <7)^ 

m(n-1) IC, II 1 0 <T>)\' — ; f->X'-8.ibt:^r — 7b — )i> K3E 
^BicA-t-^^SgC a (=Qa - At) «:tn*U * 

RASSltt** v 'J > ^^S*C c (n) L 
T, v^*-* Kffi£*R*Cm<r») 

[0 0 7 4] Cm(n) = Cm(n-1) +Ca-Cc(n) 

icfffl^^c c (n) (ifrd^^-f-^'e^^^-r v V 

7 2 {C X *) «ai $ *L*: C c & „ X f- -y 7* 7 2 "C(± , 

v -j y ^i&a^s ^se^Kftc c ) w»m 

0£<6, M«:"t<, Hi l <o;i'-f L >-e**i>;tv'M 

£lt#L, KK«KVm <-£«) T* 

l^gLT, i"J>^MgfCc (g) 
[0 0 7 5] 

• • • (1) 
v • • • (2) 



(3) 



... ( 4 ) 

Ui:*), l^M^U ( 2 E]$E=720deg) t»<r> >V>VU 

(g/cycle) (Z^-r^ 0 
[0 0 8 0] ft, JJDS^MSli, xny 

i:* f r^^>6 HI 1 5 li i > «)7 n 
-ft-hfii, X •? » f 8 5 T"> 'J > ytu^Kfi 

Cc (g) o^tSAC c ^^jhi-^o *v>T^f7y 

8 6-Cro^fLSAC engirt (Sr^fltAit)^: 
i <P^ttB <fc *>/h?v») ^S^*flJ^i-* 0 Sf^H 

7'8 7T-Cck (g) =Cc (g) fcL£f£, Xf7 7 
8 2T*E|1 4(0Xf '?7'8 2 tlBjU^l+'T^^ ( 2 HI 
fe=720deg) > '9 > rSf^^K^C c k ( g /cycl 
) UK*"*-*. ^tftAC c**»fJ©l6B^-C**»* 
(i, 7f-;y8 1 -CHI 4<0Xf 77*8 1 tPJCKlv'J 
>^Sf^Kl:Cc (g) ^»ds^^.= sl - cc c k 

(g) fcgffiU 7*8 2-viItj-,, 

[0 0 8 1] w±o<t -5 i -> > (•>>)> 
yu^n&cc, cck) vnauzx o, to;^*>. 
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19 

v»T > 'J > (•>')> ^SB^Kft) Cci 

[0 0 8 2] ioT, bT^K)#J1> y>t«)/') >y® 

[0 0 8 3] ftSCEGRicOjf^gaj^Hfo-C, 

[0 0 8 4) n-ff^mn^X'H, mmm^EGRmz 

HUE G R S-ff 9 *&^<i^SPE G Rising LtS*'^ 20 
m. (*S4) ^EGR^x^JBE^^fflv^T?^**^!: 
(KS) X(g)U**U («*) X(g)£v 

'J >^"mg**Xfi (®fi) V c (g)-C^»Lfc«^m 

[0 0 8 51 ^iSJKT^#8P-T?«±> ffirfS^IA-^^ftc^ 

v » t * -xwm h mmsEti a* t? - * 

IlMSWB t «r*Uli-* 0 MBT«^aiT-l±, fltE»MjK 
It^KB t K36c?v>t\ MB T (ftAh^$&£.£Aj«t 
W) iMtH-fZo *#tf&Kl±, i£&,BUESB#P.flB t 
v*>H^3)SN e C^>t^7 V * AJHHK&gDt 
-bt\ EE»±*E.S J: »3 Sft«?<0^f3t^ v > * Afig 

■c««ffijj*«e - ? ttezmz, mil*.? ?>?mi£ 
rn.fr bmum&Kizmm b t ^m<o t y > ? nmafifzit 

mnmw'ry MBTt LTgffc-r&o 40 

[0 0 8 6] w<0 i a U-ftUf. [*ia>EGRSt;^o*v» 

■cj»«aK*»«aE^aijeuT, i§i£i$t::*>MBT*jE 
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[an *»wo#**®i»;^^*nriE»#ow 

[13] 81 O^Msf^^iilt^.iS^#<7>i«|fl^ 

[04] |^C<[*Iffl5EGR*«7)ft*1t : &#ai-t--2>-^y 

[15] raC<(*]gl5EGRl:<7J*-/<-9 y 

[16] !WE**1lKE«0*jKJEm:*1tjE«»*J|: 

[0 7] «frtei*Ig|5EGRl:CO*^:filO!tft4t:7p-rilo 
[08] b?SS^--/<-v y v - Ui^^*MjE1l<0#1t 

[19] *rf5**«]EfloqR^;JE^J:^>Sjgs*^:i- 

Ho 

[bio] m<r>^mnm<r>wm r n 7 ^ a 

[tail] Ht<7i*-* K«8KA3fe*t»*tH*- 
f>07D-ft- h 

[012] |bju;< ->-j >^iSfftijji'-f>w7D- 

h 

[013] m c < mmttn. (t-*-* k«ir$m»: 
im a if v >; > yiR Akamai > «/-f>«7o-f 

[0i4] mc<^*skm^-^><Dyu— h 

[015] [5l£<fe*lB;m.n — f>^W7n-f 

[016] ^3 <Dmffi&m<nmw7° y?m 
i ^ > ->* > 

4 *Att: 

5 «miESft^:Oi!R^:^ 

6 WMKKf&nWHMt 

7 ^iiK 

8 iimift 

9 x77n-^- ^ 

10 ItJAD-/H^ 

1 1 m%wm# 

12 n > h n— y y 
1 3 ?7>:>#-fc>-t- 

1 4 T^-tA^SOU-tV-^ 
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[mi] 



[12] 



IH4] 



Q a (kg/ h ) { g /msec) 



12 




Vm 
Cm (g) 
Tm (K) 








start] 












S21 






S22 






r ss»a 


EVEGROSrgffl 














RETURN 





[15] 



[H6] 



[start] 





r S-dl 









S32 



I 



S34 



OLTIMB= 
<EVC-IVO)/N« 




i 1- - S42 






sua 


3ft£vT£Ji8jEfiv»OLEGCB 


















RETURN 





[mil] 



[08] 



S3 
E 
G 
R 
ft 
4 
ft 



R 











^^^^^^^^^^^ 











ATDCSftft. — .hJE/*— BTDCiMft 

ttfc#mi*JW(EVC) 



[113] 

Q 



START 



5 



S71 



S72 



■7 -^~;U KfcSftRftifcfcft ft 

Cm(n)=Cm(H)+Ca — C c (n) 



C c = V c • Cm/ Vm 



(13) 
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[113] 



[HI 4] 



START 





SI 

FQHOEM 

m 






EVECROSrJJfcb 




S8 



EGRREM = 
EVEGRO -f-OLEGRl 



S9 



HQHOEM^ 
FQHOEM X (I + EG R REM) 



S10 





S5 




OLEGROSr&m 




' S6 




®^ff«IE«»:OLEGCB 


1 


S7 




OLEGRl = 
OLEGRO X OLEGCB 



s81 



s82 



T START J 
X 



cck — c e inffi3M$j*3® 
I 



Cck (g) * 
Cck (g^oycle) E=gft 



^return) 



RETURN 
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▲ 
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[07] 



1 0] 



E 
G 
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